Major sectors of the lead-related industries have traditionally supported the view that the exposure of human males and females to lead is associated with significantly different reproductive-related risks. This review examines selected data pertaining to teratogenesis and mutagenesis associated with the exposure of human males to lead. The existing body of epidemiologic data examining reproductive-related effects associated with lead exposure of human males is relatively sparse and incomplete. Data findings are also conflicting. On the basis of selected available data, however, the exposure of human males to lead may be associated with significant reproductiverelated harms. Too little attention has been directed by the scientific community toward possible reproductive-related effects of lead exposure on human males. There is a strong need for further good studies.
(n = 23) Source: Lancranjan 1, Popescu HI, Gavanescu 0, et al: Reproductive ability of workmen occupationally exposed to lead. Arch Environ Health 30: [396] [397] [398] [399] [400] 1975 the general population was 4 to 4.5 percent. The corresponding rate among the wives of males exposed to lead in the printing trade was 14 percent [ 12] .
Spermatic alterations may be associated with an increased incidence of miscarriage, stillbirth, and increased postnatal mortality rates among the wives of lead-exposed males. Lancranjan et al., in 1975 , reported data regarding the effects of long-term exposure to lead on the reproductive ability of 150 males employed at a storage battery plant [13] . This study has been the subject of extended critical evaluation by the scientific community and will be analyzed closely.
Four groups of "cases" were established by Dr. Lancranjan: lead-poisoned workers, workers with moderately increased lead absorption, workers with slightly increased lead absorption, and workers with physiologic lead absorption. Placement in one of the groups was based on complaints presented by the workers and on the results of clinical examination and toxicologic testing. The mean age of the sample population was 38.5 years. Materials collected by the investigators included information about occupational history and information about possible non-occupational toxic exposures, specifically including information about tobacco use and alcoholic consumption. A detailed sexual history of each man in the study was taken. Clinical and toxicologic data used to place men in the study in one of the four groups included measurement of lead in the blood and urine. Lead levels in the urine and blood were determined by means of a modification of the "dithizone" method. Mean values of lead in the blood and urine for the four groups of workers are shown in Table 1 .
Evidence of decreased libido as well as difficulties with erection and ejaculation were found in the sample population. Data pertaining to decreased libido, orgasm reduction, and difficulties with erection and ejaculation in the four groups of workers are shown in Table 2 .
On the basis of data presented by this study, toxic causes associated with libido decrease and difficulties with ejaculation are not certain. The distribution of libido decrease and difficulties with ejaculation among lead-poisoned workers and among workers with either moderately increased or slightly increased lead absorption tended to be uniform, despite significant differences in lead in blood and urine values for these groups of workers. The lack of positive association between lead in blood values and lead in urine values, and the frequency of decreased libido and difficulties with ejaculation suggests that factors other than lead exposure may have been associated with the frequency of libido decrease and pathologic ejaculation among this sample population of workers. Lead in blood values and lead in urine values showed positive association with the frequency of pathologic erection among lead-poisoned workers and workers with moderately or slightly increased lead absorption.
Lancranjan reported that investigation of the reproductive ability of lead workers in the study was inconclusive with respect to the number of normal pregnancies per couple, the frequency of miscarriages and induced abortions, and the incidence of ectopic pregnancies and premature births. Data compiled for these parameters was doubtful, partly because of insufficient cooperation of subjects in the study with the investigators, and also because of the lack of exact knowledge of the number of abortions of the female partner. The association between lead exposure and the number of pregnancies per couple was also indeterminate because about 50 percent of the couples conceived before any occupational exposure to lead. In addition, after the start of occupational lead exposure, men in the study having one to three children had used various contraceptive methods. history of venereal disease or genital tuberculosis. Studies were also not performed on those with recent febrile diseases, on alcoholics, or on those afflicted with other unspecified diseases known to affect spermatogenesis.
Data pertaining to the incidence of spermatic alterations in the groups of men under epidemiologic investigation is presented in Table 3 .
Among the group of lead-poisoned workers, 75 percent were hypofertile, and 50 percent were infertile. In the group of workers with slightly increased lead absorption, only hypospermia and asthenospermia were statistically more frequent, compared to controls.
Toxic causes of asthenospermia and hypospermia in this relatively small population of workers are not certain. Lead-poisoned workers, as well as workers with moderately and slightly increased lead absorption, showed a fairly uniform frequency of asthenospermia and hypospermia, despite sizable differences in mean values of lead in the blood and urine. The frequency of teratospermia showed positive association with lead in blood and urine values for all four groups of workers.
Dr. Lancranjan stated that long-term exposure to lead has a noxious effect on the germinal epithelium, inducing alterations in spermatogenesis. It was hypothesized that spermatic alterations were caused by a direct toxic effect on the gonads. The results of Leydig tissue investigation showed the absence of any significant influence of lead on androgen secretion. The investigators stated that the results of tests for total urinary gonadotropic elimination excluded the possible contribution of a hypothalomopituitary hyposecretion in the cause of the spermatic alterations.
Several variables potentially confound an analysis of the Lancranjan data. Alcohol consumption varied among the sample population. Five percent of the sample population drank more than two liters of wine or over 500 ml distilled liquor per week; 17 percent drank one to two liters of wine or 300 to 500 ml of distilled liquor per week; and 77 percent drank less than one liter of wine or under 300 ml of distilled liquor per week. Smoking history also varied among the men in the study. Forty-four percent were smokers: 7 percent smoked more than 20 cigarettes per day; 22 percent smoked 10 to 20 cigarettes per day; and 15 percent smoked fewer than 10 cigarettes per day. Duration of exposure of the sample population to occupational lead hazards varied significantly, ranging from one to 27 years. One hundred workers had a mean occupational lead exposure of 8.5 years, with a range of one to 23 years; 50 technicians and office workers presented a mean occupational lead exposure of six years, with a range of one to 27 years.
Cullen et al. have recently described endocrine and reproductive dysfunction in seven patients referred to an occupational medicine clinic for lead intoxication [14] .
Four of the patients presented with typical syndromes of acute intoxication with lead colic; three had clinical diagnoses of chronic poisoning with diffuse central nervous system dysfunction and renal involvement. Three sample members had reported sexual or reproductive problems, including impotence, infertility, or decreased libido.
Germinal function was initially abnormal in most of the men in this study sample.
The study data showed that four cases had fewer than 20 million sperm per ml after Conflicting data findings have been reported in the literature pertaining to rates of chromosomal damage in males occupationally exposed to lead. O'Riordan and Evans, in 1974, published data obtained from a sample population of males occupationally exposed to oxides of lead in a shipbreaking yard [ 15] . Thirty-five men were employed as burners. Another 35 men were not actively engaged in burning and formed a control population. Data collected from the lead-exposed workers showed very small increases in the frequencies of chromatid breaks, and in the total number of cells with chromosomal aberrations. The study investigators reported that data analysis did not reveal any consistent and significant differences in the incidence of chromosome and chromatid aberrations between cases and controls.
The O'Riordan and Evans data findings may be confounded by the fact that all 70 workers had periodic mass chest X-rays, and many received further radiation exposure for investigation of bone fractures and ulcers. The length of occupational lead exposure of cases varied significantly, from three months to 43 years. The age range of cases similarly varied significantly, from 21 to 63 years. The size of the sample population of lead-exposed workers (n = 35) is relatively small. Some investigators have reported positive findings for chromosomal-related aberrations among lead-exposed males. Schwanitz et al., in 1970, reported positive findings for chromosomal-related aberrations in a sample population of eight workers from a lead oxide factory [ 16] . Chromosomal analysis of the lead-exposed workers showed an increased proportion of secondary chromosome aberrations. The difference from a control group of healthy blood donors not exposed to lead was statistically highly significant by the chi-square test. Gaps and breaks were much increased in cases as compared to controls. Eight hundred mitoses from the lead workers showed 118 isochromatid and 70 chromatid aberrations. Fifteen hundred mitoses from the control group showed 62 chromatid and 33 isochromatid abnormalities. The frequency of tetraploid mitoses was higher in the cultures of cases compared to controls; among cases, 18/800 mitoses were tetraploid, whereas the corresponding figure for the control group was 1/ 1,700. The lead workers showed a greater percentage of cells in division (46.5 percent), as compared to controls (25.9 percent).
The relatively small size of the sample population (n = 8) affects the statistical significance of the data findings reported by the Schwanitz et al. study. A question of relevant controls is raised, inasmuch as cases were employed in a lead oxide factory but the control group consisted of blood donors at a University surgery department. The blood lead levels of cases ranged from 62 to 89 micrograms/ 100 ml of blood. The age of cases ranged from 22 to 57. Forni et al., in 1976 , presented chromosomal and biochemical data collected from a sample population of male workers before and during first occupational exposure to lead fumes in a storage battery plant [17] . In this sample population, the percentage of abnormal metaphases in cultured lymphocytes approximately doubled (4.88 percent to 9.50 percent), after one month of occupational lead exposure. An increase in the percentage values of abnormal metaphases persisted up to seven months of exposure. After that time, the data collected either were not analyzed because of the small number of observations, or the data collected were not significantly different statistically. The absolute increase in the rates of abnormal metaphases was due primarily to chromatid changes (gaps and breaks). The relative increase was most evident for unstable chromosome aberrations, principally acentric fragments. Lead in urine values increased from 37.88 ± 16.86 to 105 ± 62.76 micrograms/liter after one month of occupational lead exposure. Blood lead levels increased progressively in the first few months of occupational lead exposure and then levelled off. Biochemical data results did not differ significantly in the analysis of variance.
The relatively small size of the sample population (n = I 1) affects the epidemiologic significance of this study. The precise level of occupational exposure to lead of men in the sample is not reported. Plant workers in the study were employed in jobs described as involving "mild or moderate exposure to lead." Air sampling performed during or at the end of the study period showed lead levels not higher than 0.8 mg/cu m of air in the work areas of the "worst" departments. The age of the 11 subjects varied from 21 [20] . Gaps, fragments, chromatid exchanges, rings, and dicentrics were observed. The difference in the number of cells with complex aberrations, including chromatid exchange, disturbance of spiralization, ring, and dicentric, was statistically significantly different between the control population and all workers (p less than 0.02). All 14 workers presented with clinical symptoms of saturnism. The investigators therefore concluded that the observed increase in abnormal cells resulted chiefly from lead intoxication.
In 1978, Deknudt and Deminatti reported data from the investigation of the action, on chromosomes, of zinc chloride, lead acetate, and cadmium chloride added separately to cultures of human lymphocytes [211] . The lymphocytes were cultured for 48 or 72 hours. The investigators observed more chromosomal fragments in all treated groups in comparison to controls, but differences were not significant. Severe aberrations, such as dicentric chromosomes, were recorded only in lymphocyte cultures treated with the lowest concentration of zinc chloride (three times i0' M), added at time zero, and regardless of whether the cultures were fixed after 48 or 72 hours.
The length of culture time may affect the frequency of observed chromosomal aberrations in human lymphocytes treated in vitro with lead acetate. Beek and Obe, in 1974 , published data pertaining to the effects of lead acetate on human leukocyte chromosomes in vitro [22] . In human 72-hour leukocyte cultures, a 24-hour treatment with lead acetate induced a rate of open chromatid-type aberrations well over the baseline. However, the frequencies of chromatid-type aberrations were not elevated in 48-hour cultures, despite a relatively longer treatment time (48 hours + 3 hours before PHA addition).
Data pertaining to teratogenesis and mutagenesis associated with the exposure of human males to lead is relatively meager and incomplete. Conflicting data findings have been published. There is a strong need for further good studies. However, on the basis of currently available selected data, it is incorrect to assume that paternal lead exposure may not be associated with reproductive-related harm. Available epidemiologic data suggest that the exposure of human males to lead may be associated with significant reproductive-related harm. A unisexual workplace lead policy which excludes only females from exposure to occupational lead hazards leaves male workers, and their offspring, unprotected from reproductive-related and other harm possibly associated with naternal lead exposure.
